Bacterially-mediated fluxes of energy and matter are dynamic in time and space coupled with 19 shifts in bacterial community structure. Yet, our understanding of mechanisms shaping 20 bacterial biogeography remains limited. Near-surface seawater was collected during transits 21 between Honolulu and Station ALOHA in the North Pacific Subtropical Gyre to examine the 22 Prochlorococcus sp.) and in a few instances also Alphaproteobacteria (in particular SAR11 33 2 clade and Aegan-169 marine group bacteria) exhibited bimodal occupancy-frequency 34 patterns. As expected, Prochlorococcus sp. had an inversed bimodal occupancy-frequency 35 distribution with most OTUs found at all sites. Yet, there were individual satellite OTUs 36 affiliated with Prochlorococcus sp. that were phylogenetically distinct from the core OTUs 37 and only found at a single site. Collectively, these findings indicate that different 38 compartments (size fractions and taxa) have different metapopulation dynamics. Bimodal 39 patterns among the low diversity total and picoplankton communities but not in the high 40 diversity large size fraction suggest that positive feedbacks between local abundance and 41 occupancy are important when environmental conditions are homogenous and diversity is 42 low. 43
shape of occupancy-frequency distributions (the different number of populations occupying 23 different number of sites) and determine bacterial metapopulation dynamics. Bacterial 16S 24 rRNA gene amplicons were sequenced from whole seawater and filter-size fractionated 25 plankton DNA samples while also separating the community into distinct taxonomic groups 26 at phyla/class and analyzing these compartments separately. For the total seawater (i.e. the 27 >0.2 µm size fraction) and picoplankton communities (i.e. the size fraction >0.2 µm and < 3.0 28 µm), but not the large size fraction community (i.e. the >3.0 µm size fraction), most 29 Two models; Hanski's core and satellite hypothesis (CSH; (Hanski, 1982) and 62 Levin's model (Levin, 1974) , were recently empirically tested and used to explain distribution 63 patterns among marine bacteria that are typically assumed not to be dispersal limited (Lindh 64 et al., 2016) . In the study bimodal occupancy-frequency patterns (i.e. the number of species 65 occupying different number of sites) were found and the CSH model agreed well with 66 observed data in the Baltic Sea and in global datasets, indicating its applicability also for 67 marine microbes. The CSH model provides a mechanistic basis for the observation of 68 4 abundant (core) and rare (satellite) species in ecosystems. In brief, the CSH makes predictions 69 of the shape of occupancy-frequency distributions from variation in colonization and 70 extinction rates (i.e. populations successfully dispersed to previously unoccupied sites vs. 71 populations disappearing from previously occupied sites). In the CSH the bimodal 72 occupancy-frequency distributions are the result of stochastic variation in colonization and 73 extinction rates (i.e. a quadratic relationship between colonization/extinction rates and 74 occupancy) that either push populations to become rare or abundant. Nevertheless, empirical 75 data from examining the applicability of metapopulation models to marine bacterial 76 assemblages are limited. 77
In the present paper the prevalence of bimodal occupancy-frequency patterns 78
were examined in the oligotrophic North Pacific Ocean and among different taxa and/or size 79 fractions of a bacterial community. The main hypothesis was that in this relatively 80 homogenous oligotrophic ocean environment bimodal patterns, reflecting a coherent oceanic 81 region without dispersal limitation and environmental filtering, could be a common feature 82 among marine bacteria. The second hypothesis was that taxa with different dispersal 83 capability and filtered by various environmental conditions could display different 84 metapopulation dynamics. The third hypothesis was that since Prochlorococcus sp. is the 85 dominant bacteria found in this system (Schmidt et al., 1991; Campbell and Vaulot, 1993; 86 Eiler et al., 2011) much of the observed metapopulation dynamics could be driven by this key 87 organism but that there may be core-and satellite distribution patterns within the same genus. 88
To test these hypotheses, bacterial 16S rRNA amplicons were sequenced from whole 89 seawater and filter size fractionated community DNA, sampled from the near-surface ocean 90 on a series of cruise transects between Honolulu and station ALOHA (22.75° N, 158° W) in 91 the North Pacific Subtropical Gyre. The observed bacterial populations were subsequently 92 fitted to different theoretical metapopulation models. 93 Pall). In addition, on two of the cruises (December 2015 and January 2016) plankton biomass 106 were also sequentially filter size-fractionated samples for subsequent extraction of DNA for 107 information on bacterial community structure among different plankton size classes. During 108 these cruises, seawater was filtered onto 25 mm diameter, 3.0 m pore size polycarbonate 109 membranes (Millipore), followed by filtration onto 25 mm diameter, 0.2 m pore size Supor 110 filters. The various filter size-fractionated bacterial communities were defined as: total (>0.2 111 µm), picoplankton (>0.2 and <3 µm) and large (>3 µm), respectively. Filters were stored at -112
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80°C until extraction. 113
Coincident samples for measurement of bacterial abundance and production 114 were collected from the vessels' flow-through seawater system. Seawater for determination 115 of bacterial abundance was subsampled into 2 ml cryotubes (BD Falcon) preserved with 20 116 µL paraformaldehyde (Final concentration 0.2%; Sigma-Aldrich). Triplicate 1.5 ml samples 117 for subsequent measurements of 3 H-leucine incorporation rates were aliquoted into 2.0 ml Amplicon processing for all samples was performed as described in (Lindh et al., 2015) . sea surface temperatures were relatively stable in space, averaging 0.6 µg L -1 and 26°C, 186 respectively ( Fig. 2) . Bacterial abundance varied ~2-fold (ranging 5.73 x10 5 cells ml -1 to 9.13 187 x10 5 cells ml -1 ; Fig. 2 ). 3 H-leucine incorporation rates ranged between 13 and 37 pmol Leu L -1 188 h -1 (Fig. 2) . Variation in bacterial abundance and production was overall small (SD = 0.7 x10 5 189 cells ml -1 and SD = 6 pmol Leu L -1 h -1 ; Fig. 2) . In all cruises the total and picoplankton communities were dominated by Cyanobacteria 201 (averaging ~50% of total sequences), with bacteria that were affiliated with several other 202 phyla or classes not included in the taxonomic analysis or unclassified OTUs comprising 203 nearly 25% of the total sequences ( Fig. 3 ). Actinobacteria and Alphaproteobacteria each 204 typically contributed to ~5% of total sequences in these communities. In the December 2015 205
and January 2016 cruises the large size class bacterial assemblages were more diverse than 206 other size classes of bacteria, with notable increases in relative abundances of 207 Alphaproteobacteria, Planctomycetes, Chloroflexi and Bacteroidetes (Fig. 3B ). However, 208
Cyanobacteria were also dominating the large size class communities. Cluster analysis of 209
Bray-Curtis distances obtained from samples in the October 2015 cruise showed a largely 210 similar community structure (~15% dissimilarity), resulting in samples from near-shore 211 coastal sites clustering with samples from the open ocean sites (Fig. 3) . The number of different species occupying different number of sites sampled during the 223 transects were also examined to evaluate the shape of occupancy-frequency distributions. 224
Bacterial communities sampled during the October 2015 cruise displayed a significant 225 bimodal occupancy-frequency pattern. Most OTUs were found at a single site followed by a 226 monotonical decrease in the number of OTUs occupying increasing number of sites but with a 227 peak in the number of OTUs occupying all sites ( Fig. 4A ; Table S1 ). As this transect 228 contained several samples obtained from around Station ALOHA this dataset were 229 subsampled to only show stations 3, 6, 9, 13, 33 and 47 to keep a clear transect trajectory 230 profile with distinct sites (see insert Fig. 4A ). This subsampling exercise confirmed the 231 significant bimodal pattern. In addition, samples from completely different stations in a 232 trajectory 30 km Southeast of Honolulu were collected to validate the shape of occupancy-233 frequency distribution found in the Honolulu-Station ALOHA transect. Also for this transect 234 a significant bimodal pattern were found (see insert Fig. 4A ). 235
The main hypotheses were that different parts of a bacterial community may 236 exhibit different metapopulation dynamics; for example, taxa distributed among the 237 picoplankton and larger bacterial assemblages might have different dispersal capabilities and 238 be subjected to different environmental filters. To elucidate differences between such 239 compartments the total community from the October 2015 cruise and size-fractionated 240 communities from the December 2015 and January 2016 cruises were examined and taxa 241
were analyzed at different taxonomic levels. Similar to the "total" community, the 242 picoplankton assemblage demonstrated significant bimodal patterns ( Fig. 4B ; Table S1 ); in 243 contrast, for the "large" bacterial size classes most OTUs were found at a single site followed 244 by a monotonical decrease in the number of OTUs occupying increasing number of sites. 245
Thus, in contrast to the picoplankton and total communities, the large size fractions exhibited 246 unimodal occupancy-frequency patterns (Fig. 4B ; Table S1 ). In addition, for particular OTUs 247 binned at the phyla/class level detected in the October 2015 cruise varying occupancy-248 frequency distributions were observed. In fact, only Planctomycetes, Alphaproteobacteria, 249
and Cyanobacteria contained OTUs that were found at all sites and only the latter two 250 displayed bimodal patterns ( Fig. S4 ; Table S1 ). Cyanobacteria had the most substantial 251 bimodal pattern with a strong peak in number of OTUs occupying all sites. Moreover, most 252
OTUs binned at the phyla/class level exhibited unimodal patterns for picoplankton and large 253 size class communities ( Fig. S5 ; Table S1 ). 254
More than 50% (64 out of 108) of the core OTUs detected from the October 255 2015 cruise was affiliated with Prochlorococcus sp. (Fig. 3; S6A ). When analyzed separately, 256 The total bacterial community was characterized by a quadratic curve for both 278 colonization and extinction rates. Notably, extinction rates were higher than colonization rates 279 with a more distinct quadratic curve (Fig. 5A ). Both colonization and extinction rates fitted 280 well with the quadratic relationship described by the CSH (Hanski, 1982) . For the 281 picoplankton and large size class communities, the relationship between colonization rates 282 and occupancy were more difficult to determine and none of the models tested resulted in 283 robust fits to the observations (Fig. 5A ). However, for the large plankton size class, extinction 284 rates aligned well with the expectation of a linear relationship between extinction rates and 285 occupancy as described in Levin's model (Levin, 1974) . 286
At the Phyla/Class level rates of colonization and extinction were plotted against 287 occupancy for major bacterial lineages (Fig. 5B) 
. Both Alphaproteobacteria and 288
Cyanobacteria demonstrated quadratic relationships between extinction rates and occupancy 289 in the total community. However, as above, colonization rates were more difficult to 290 characterize. It was noteworthy that the extinction rates were both higher and more 291 pronounced compared to colonization rates. Planctomycetes, Bacteroidetes and 292
Gammaproteobacteria demonstrated curves that initially appeared to follow a quadratic 293 13 relationship between extinction rates and occupancy, but either decreased followed by an 294 increase in extinction rates with occupancy (Planctomycetes and Gammaproteobacteria) 295 and/or did not decrease rapidly at maximum occupancy (Bacteroidetes). Unlike the patterns 296 for all of the OTUs in the overall community analysis, resulting patterns among the 297 picoplankton and large size class bacterial communities at phyla/class level were more 298 difficult to validate using the different metapopulation models. Nevertheless, extinction rates 299 among OTUs binned at phyla/class for the larger size class communities displayed a tendency 300 toward a linear relationship between extinction rates and occupancy thus following Levin's 301 model (Levin, 1974) ( Fig. 5B) . S1. Prevalence of significantly bimodal occupancy-frequency patterns in different community compartments (size fractions and taxa) in the present paper. Bimodality tests was performed using Mitchell-Olds and Shaw's test for quadratic extremes (Mitchell-Olds and Shaw, 1987), a proxy for Tokeshi's test (Tokeshi, 1992). ND=Not Determined. Significance level is indicated with "***", "**" and"*" for p-values <0.001, <0.01 and <0.05, respectively. 
